On applying a theorem previously derived by Wolf and Collett, we demonstrate that partially coherent Gaussian Schell model fluctuating sources (GSMS) produce exactly the same optical forces as a fully coherent laser beam. We also show that this kind of sources helps to control the light-matter interaction in biological samples which are very sensitive to thermal heating induced by higher power intensities; and hence the invasiveness of the manipulation. This is a consequence of the fact that the same photonic force can be obtained with a low intensity GSMS as with a high intensity laser beam.
The nanomanipulation of submicrometer particles or biological samples is a multidisciplinary area of great interest in science. Since the seminal works by Ashkin [1] , many studies have dealt with optical traps either within the Rayleigh limit of resolution [2] [3] [4] , or beyond [5] [6] [7] [8] [9] , nevertheless, and apart from a few recent works [10] [11] [12] [13] , most attention has been paid to coherent light. The now widely used optical tweezers generally employ TEM 00 laser Gaussian beams; and still there are very few studies on the influence of their statistical properties as regards their use as optical manipulators [11] . We next consider the wide variety of Gaussian Schell model sources (GSMS) [14, 15] .
In this regard, an equivalence theorem (ET) was demonstrated by Wolf and Collett more than twenty years ago [16] according to which a fully coherent laser is not necessary to produce a highly directional intensity distribution, thus proving that some partially coherent sources, known as those above mentioned GSMS, fulfil this property.
The aim of this letter is to demonstrate that, as consequence of the ET, a partially coherent fluctuating source produces the same optical force as laser beam. In addition, this may be done even with a much lower peak intensity. We think that this fact opens a new door in the area of optical manipulation because, as we will show, it is not necessary to have a rather intense spatially coherent beam in order to create a potential well with an equilibrium position for a particle in the optical trap.
It is well-known that the mechanical action from a light field at frequency ω with electric vector E(r, ω) on a dipolar particle in vacuum with permittivity ε 0 , i.e., that whose scattering cross section can be fully expressed in terms of the two first Mie coefficients a 1 and b 1 , can be written as a sum of a gradient (conservative) and a scattering plus curl (non-conservative) force [17] [18] [19] [20] , thus
(i, j) = (x, y, z) and α e is the electric polarizabity of the particle. The electric field can be written in terms of an angular spectrum of plane waves e (ks ⊥ , ω) [14, 21, 22 ]
where k = ω/c and c the speed of light in vacuum The unit vector s = (s ⊥ , s z ), is such that
for propagating and evanescent waves, respectively. Thus, using Eq.(2) the force components can be written in terms of the statistical properties of the source as [12] 
where Tr denotes the trace of the electric angular correlation tensor A (4) relate the optical force with the statistical properties of the source trough this correlation tensor and is valid for any GSMS, or in particular for a homogeneous or quasi-homogeneous source [14] .
Addressing then a planar GSMS, its cross spectral density tensor
at the plane z = 0 of the source, is given by [14] 
where S (0) and µ (0) are the spectral density and the spectral degree of coherence of the source, respectively. For this type of sources these quantities are both Gaussian, i.e.,
The parameter A i is the maximum of the spectral intensity at ρ = 0, whereas B ij is |B ij | = 1 if i = j and
The widths σ(ω) s,i and σ(ω) g,ij are usually known as the spot size and the correlation or spatial coherence length of the source, respectively. Notice that these parameters cannot be chosen arbitrarily, they have to fulfil a series of conditions [15] . In this work, for simplicity, we restrict ourselves to the case in which the field is completely polarized, i.e., the degree of polarization is equal to 1 [23] , or equivalently, the electric field only fluctuates in one direction (for example in the x−direction). At fixed frequency and in order to simplify the notation, in what follows we shall write σ i,s and σ ij,g without ω dependence nor the Cartesian subindex, understanding that we are dealing with the x−component of the electric field .
Now we turn to analytically calculate the optical forces in the far-zone. To this end we need the angular correlation tensor at the plane of the source. This has been previously calculated, thus the trace of the angular correlation tensor reads as [14] TrA ij (ks ⊥,1 , ks
where a = 1/ 4σ
One of the most important characteristics of these GSMS sources is that the behavior of the emitted field can be beam-like. To ensure this in the far-zone, the following necessary and sufficient conditions have to be fulfilled [14] 1
Next, in order to obtain the force in SI units, we redefine the parameter A as A/(ε 0 c), where A is the peak intensity of the source in W/m 2 . Substituting Eq. (8) (11) On the other hand the non-conservative forces read
2(σs ∆(z)) 2 (x, y) (12) and (10)- (13) express the force exerted on a dipolar particle in the far zone by the field emitted from a GSMS of any state of coherence. Now we address the ET for GSMS [16] , and its experimental confirmation [24] . This theorem establishes that any GSMS will generate the same radiant intensity J(θ) = r 2 TrW ij (r, r, ω), (θ = ρ/z), as a laser whose spectral density at the plane z = 0 is S l (ρ, ω) = A l exp[−ρ 2 /(2σ l )], if the following conditions are fulfilled
Fig . (1) shows the spectral density and the spectral degree of coherence for the same parameters as in Ref. [16] . Any of these source configurations produces exactly the same radiant intensity. Then, in the context of optical forces from such a partially coherent light, it is natural to ask whether these fields would trap a particle like a laser beam does. When the field is beam-like, we can approximate ∆(z) ≃ z/(kσ s δ). On the other hand, and in order to perform the calculations, we consider a dipolar latexlike particle with radius r 0 and with relative permittivity ε p in the Rayleigh limit (kr 0 ≪ 1). The response of the particle is characterized by the expression for the dynamic electric polarizability which conserves energy on scattering, namely by α e = α 0 / 1 − i 2 3 k 3 α 0 , α 0 = r 3 0 (ε p − 1)/(ε p + 2) being the static polarizability. For instance, we choose a wavelength λ = 579nm. At this wavelength, for a radius of r 0 = 25nm and for a constant value of ε 0 = 2.25, the polarizability has Reα e = 4593nm 3 ≫ Imα e = 17nm 3 . It should be stressed that much larger particles would lead to similar results providing they may be considered as dipolar, namely, their scattered field be exactly described by the first electric and magnetic Mie partial waves [20, 25] . Now we calculate the optical forces in this regime. Thus now, and in order to answer the latter question posed above, Fig. 2 shows the different contributions (conservative and non-conservative) to the force for the same parameters as in Fig. 1 . We see that all force plots coincide with each other , i.e., one does not need a globally spatially coherent source, like a laser beam, as the only light source capable of building an optical trap. Any partially coherent Gaussian-Schell model source with appropriate spot size and coherence length also does it. This constitutes the main results of this letter. For instance, as seen on comparing Figs. 1 and 2, a source with small coherence length σ g = 2.1 and peak intensity as low as A = 0.09 provides the same far zone force as a fully coherent one with a much larger power A = 1 providing the spot size at the partially coherent source σ s = 3.28 is larger than the one σ s = 1 of the fully coherent source.
It should be noticed that given the trade-off between σ g and σ s contained in the parameter 4a, cf. below Eq. (8) and also Eq. (14) , there are infinite GSMS that yield the same radiant intensity [14] , providing they all lead to the same 4a or σ l . Thus, the same conclusion may be derived for the optical force induced by their emitted wavefield. On the other hand, it worth remarking that a peak intensity A and width σ s in the spectral density yields an integrated value of this latter magnitude in the source plane: Aσ 2 S /2π, which by the Parseval theorem of Fourier transforms is kept in the far-zone. Therefore, a decrease of A while controlling σ s as mentioned in the latter paragraph, may also lead to lower values of the total total power while maintining the trap essential characteristics. In addition, since the gradient forces push the particle to the peak values of the intensity, this possibility of decreasing A without altering the trap is of crucial importance to minimize the invasive character of the manipulation process.
In biophysical experiments, where there is sample damage produced by high values of the power intensity of the incident beam, this issue acquires vital importance, this equivalence of low peak intensity partially coherent fluctuating sources and a high power laser beam, (or in general between different GSMS), as regards the depth and width of the potential well created by the photonic trap, constitutes a new principle for optical nanomanipulation. Notice that on adequately selecting the source parameters, one can minimize the optical peak intensity and hence the invasiveness, (see the last row of the legend in Fig. 1 ). As a matter of fact, this peak power can be reduced up to almost two orders of magnitude without varying the effectiveness of the optical trap.
The potential well is usually improved on focusing the emiited light through a thin lens or ABCD system [26] . We have checked this phenomenon when the light is focused by a thin lens, and we get results with the partially coherent source which are quite similar to those obtained with the coherent beam.
In summary, we have studied the different components of the optical force from a Gaussian Schell model source. it has been demonstrated that in the far-zone such a partially coherent source can produce a force equal to that exerted by a laser beam; such a force being larger as the beam-condition is more strongly fulfilled. In opposition to this, in the near-field the maximum force corresponds to a minimum force in the far-field. We believe that these results should trigger a renewed interest, as well as experiments, in optical manipulation.
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